This report describes the successful adaptation of the Israeli isolate of Ehrlichia canis on a continuous mouse macrophage cell line (J774.A1). Successful infection of the J774.A1 cells was first judged by the direct immunofluorescence antibody test using an anti-E. canis-IgG:FITC conjugate. A particular property of infected J774.A1 cells was the ability to reestablish after harvesting of the monolayer by scaping. Infected cells were used as antigen for immunofluorescence antibody tests (IFA), and the results compared well with those of DH82 cells. It was concluded that the J774.A1 continuous cell line could serve as an alternate propagation cell line for E. canis organisms.
Ehrlichia species are obligatory intracellular rickettsiae, causing severe clinical disease in humans and animals. Canine monocytic ehrlichiosis is a tick-borne disease of dogs caused by the rickettsia Ehrlichia canis. 1 The disease was first recognized in Algeria in 1935. 3 Since then, it has gained in importance, especially during the Vietnam War, when about 300 working military dogs succumbed to the disease. 1 Ehrlichiae localize in the endoreticular cells of the liver, spleen, and lymph nodes, where they replicate primarily in mononuclear macrophages and lymphocytes. 10 Infection of the vertebrate host occurs when the infected tick ingests a blood meal and salivary secretions contaminate the feeding site.
The first successful culture of E. canis was obtained from peripheral blood monocytes obtained from experimentally infected dogs during the acute phase of the disease. 8 The method was further developed by transferring E. canis-infected monocytes to normal primary canine monocyte cell cultures obtained from normal dogs. 6 Both these techniques, however, required a continuous source of canine whole blood and were limited by the life span of the primary canine monocytes. A continuous canine macrophage cell line designated DH82 was identified for the successful growth of the organism. 4, 13 Other in vitro cultivation methods have utilized canine peritoneal macrophages, 11 humancanine hybrid cells, and a human microvascular endothelial immortal cell line. 3, 12 The isolation and growth of ehrlichiae is difficult and time consuming; thus, the search for suitable cell lines and optimal conditions in order to obtain large quantities of organisms for further research is important. 2 This study reports the successful propagation of the Israeli isolate of E. canis (#611) on a continuous mouse macrophage cell line, J774.A1.
The Israel E. canis strain (#611), GenBank accession number U26740, was used in this study. 7 J774.A1 BALB/C mouse macrophage-like cells were obtained from ATCC (ATCC, TIB 67, BALB/C macrophage) and grown in 25-cm 2 tissue-culture flasks. The cells were maintained in Dulbecco's modified minimal essential medium (DMEM), a supplemented with 10% fetal calf serum, a 2 mM glutamine, and a 1:100 dilution of non essential amino acid solution a and were maintained at 37 C in a CO 2 (3.5%) humidified incubator.
The DH82 cells, derived from a dog with malignant histiocytosis, 13 were generously provided by Jacqueline Dawson (Viral and Rickettsial Zoonosis Branch, Centers for Disease Control and Prevention, Atlanta, GA) and were maintained in MEM supplemented with Earle salts base solution, 15% fetal calf serum, 2 mM glutamine, and a 1:100 dilution of non essential amino acid solution at 37 C. The DH82 cells were infected with the Israel strain (#611) of E. canis as previously described. 7 Host cell-free E. canis suspension was prepared by homogenizing heavily infected E. canis-DH82 cells for 30 seconds on an ice bath. The cell suspension was subsequently centrifuged at 3,200 ϫ g for 5 seconds at 6 C. The host cell-free E. canis supernatant was then inoculated onto a 6-well plate confluent with J774.A1 cells and centrifuged at 3,200 ϫ g for 15 minutes at room temperature. Following infection with E. canis, the cells were maintained in MEM supplemented with Earle salts base solution, 4% fetal calf serum, 2 mM glutamine, and a 1:100 dilution of non essential amino-acid solution and incubated at 37 C in a CO 2 (3.5%) humidified atmosphere. Starting from day 2 postinfection (PI), supernatant fluid of cell cultures was examined every 3 days by the direct immunofluorescence antibody test, at which stage the medium was changed.
Evaluation of E. canis-infected J774.A1 cells as antigen in the indirect immunofluorescence antibody (IFA) test was carried out as described previously on 20 canine serum samples. 7 In brief, 5 l of twofold serum dilutions, starting at 1:20, were applied onto wells of slides prepared with acetone-fixed infected DH82 and J774.A1 cells. The slides were incubated in a humidified chamber at 37 C for 30 minutes, washed gently with water, and air dried; subsequently, 5 l of 1:40 antidog IgG:FITC conjugate solution b diluted in PBS was added to each well. After a similar incubation for 30 minutes, the slides were washed, dried, and examined under a fluorescent microscope. The tests were carried out simultaneously for DH82 and J774.A1 antigen slides. Antibody dilutions were tested over a range of 1:20 to 1:5,120.
Electron microscopy was carried out by scraping infected cells from the bottom of the tissue-culture flask and pelleting them by centrifugation for 4 minutes in a microfuge. The resultant pellet was fixed in 2.5% glutaraldehyde and postfixed in 1% osmium tetroxide. The cells were dehydrated in a graded series of ethanol propylene oxide and embedded in Epon. c Thin sections (40-60 nm) were cut and stained with uranyl acetate and lead citrate and examined with a transmission electron microscope. d After primary infection, growth of E. canis organisms in J774.A1 cell cultures was first demonstrated by the direct immunofluorescence antibody test 5 days after infection with E. canis. At this stage, small morulae were observed in about 10% of cells. On day 13 PI, the infection rate was judged to be about 100%, with most of the cells displaying cytoplasms heavily infected with morulae. At this stage, when about 40-50% of cells had detached from the monolayer, infected cell cultures were subcultivated to uninfected J774.A1 cells. Consecutive subcultivations were successful with flasks reaching Ͼ80% infectivity within 7-10 days. Successive passages, numbering over 50, have been carried out to date without any loss of infectivity to J774.A1 cells.
No formation of plaques was evident in the J774.A1 cells as a result of E. canis infection. After E. canis infection, J774.A1 cells appeared to detach from the cell layer at a lesser frequency compared with E. canis-infected DH82 cells. In fact, after harvesting E. canis-J774.A1-infected cells with a cell scraper, the remaining infected cells were seen to be able to reconstitute a continuous monocell layer and reach 80% infectivity within a week to 10 days. This phenomenon could not be repeated with E. canis-DH82-infected cells.
The DH82 and J774.A1 E. canis-infected cells were compared for their ability to be used for immunofluorescence antibody assays. The DH82 cells and the J774.A1 cells gave similar results. A good correlation coefficient (r 2 ϭ 0.919) was achieved between the two cell lines (n ϭ 20). Only in one instance was the difference in antibody titers between the two cell types greater than a twofold dilution.
Electron microscopy of the infected J774.A1 cells showed the organisms to be similar to those seen in the E. canis-infected DH82 cells. 7 The organisms were arranged within phagosomes in membrane-bound vacuoles (Fig: 1) . The number of vacuoles and the number of organisms within the vacuoles of the J774.A1 and DH82 cells appeared to be similar. A number of membrane packets within the phagosome were seen to be devoid of nuclear material.
Ehrlichiae require very carefully controlled growth conditions. The isolation and growth of ehrlichiae are very difficult and time consuming; thus, the choice of the most susceptible cell line and determination of the optimal methods for ehrlichial growth are critical. This report documents the successful cultivation of E. canis, the causative agent of canine monocytic ehrlichiosis, in a continuous mouse macrophage cell line designated J774.A1 derived from BALB/C mouse strain. The J774.A1 was highly susceptible to E. canis, as indicated by the rapid growth of the ehrichial organisms within 7-10 days after infection. The presence of the organism was confirmed by immunofluorescence microscopy. The ultrastructure of the erhlichial organisms was found to be similar to those described in the DH82 cell line. 7 The significance of the empty membrane packets within the phagosome is not clear but may represent a defect in the assembly of the ehrlichial organisms within the cytoplamsic vacuoles. No cytopathic effects were seen in the J774.A1 cells due to E. canis infection. Compared with DH82-infected cells, J774.A1 cells appeared to be less adversely affected. This was suggested by the ability of the infected monolayer to reestablish itself after harvesting by scraping. The phenomenon has not been described for other E. canis-infected cell lines, and we have not been able to reproduce this phenomenon in E. canis-infected DH82 cells. The yield of ehrlichial organisms from J774.A1 cells was similar to that from DH82-infected cells.
It was concluded that the J774.A1 continuous cell line could serve as an alternate propagation cell line for E. canis organisms. Furthermore, it has been shown that E. canis-infected J774.A1 cells can be used successfully for serum antibody assay with the IFA test. 
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